(Submitted for publication January 16, 1961 ; accepted March 16, 1961) The demonstration by Polonovski, Jayle, Boussier and Badin (1, 2) that certain plasma proteins have the property of binding extracorpuscular hemoglobin has led to recent re-evaluation of the mechanisms of renal transport of hemoglobin in the dog (3) and in man (4) . Lathem (4) showed that circulating extracorpuscular hemoglobin is bound quantitatively to the a2-globulin, haptoglobin. By utilizing the infusion of autogenous hemoglobin solution, Lathem demonstrated that in man: 1) no unbound hemoglobin is found in the circulation until the plasma hemoglobin-binding capacity is saturated; 2) hemoglobinuria does not occur unless unbound hemoglobin is present in the circulation; and 3) neither protein-bound hemoglobin nor methemalbumin appears in the urine during hemoglobinuria.
From the relationship between changing concentration of unbound hemoglobin in the plasma (APfree Eb) and urinary excretion rate (ZAUfree HbV) an estimate of the glomerular clearance of hemoglobin (CGfreeHb) may be obtained. As defined by Lathem (4) , glomerular clearance of free hemoglobin =AUfree HbV/APfree HbPrevious studies from this laboratory (5, 6 ) have demonstrated a sytematic decrease in glomerular filtration rate, effective renal plasma flow and various tubular transport maxima with age. A progressive loss of whole nephrons with aging has been proposed (5) . Little is known of the effect of aging on the permeability characteristics of the glomerular membrane. Everitt (7) has reported a tenfold increase in the daily excretion of urinary protein nitrogen from youth to senility in the rat. Studies in mice by Thung (8) (9) , with an indwelling multieyed urethral catheter.
For each subject the plasma hemoglobin-binding, capacity was determined, prior to testing, by a modification of the method described by Lathem and Worley (10 (29) .
at a rate of 40 to 80 mg per minute to insure a gradual rise in plasma hemoglobin concentration which attained a mean maximal value of 178 ± 67 mg per 100 ml (SD). Eight to twelve 15-minute urine collections were carried out, and blood samples were taken at the midpoint of each collection period via an indwelling needle in the femoral artery or vein. Auscultatory blood pressure and radial pulse were recorded near the midpoint of each urine collection period.
Preparation of hemoglobin solution. Fifty to 75 ml of the patient's blood was introduced into each of two sterile 250 ml Pyrex centrifuge bottles to which 75 ml of sterile acid citrate dextrose solution had been previously added. After centrifugation at 2,000 rpm for 1 hour, the supernatant was removed and 150 ml of distilled water was added to lyse the red cells. After freezing and thawing to increase hemolysis, hypertonic saline was added to achieve isotonicity. This mixture was centrifuged for 2 hours at 00 C and 2,000 rpm. The supernatant hemoglobin solution was separated and stored at 4°C for a maximum of 24 hours before use.
Analytic methods. Inulin in protein-free filtrates of urine and plasma was determined by the method of Harrison (11) and para-aminohippurate by the method of Bratton and Marshall (12) . Total serum hemoglobin was measured by a modification of the method of MIcCall (13) and urine hemoglobin concentration determined by the method of Crosby and Furth (14) after overnight dialysis of urine against isotonic saline.
Free and haptoglobin-bound hemoglobin in serum samples were separated by filter paper electrophoresis in a Durrum-type cell with a phosphate buffer (pH 7.0, ionic strength 0.10) for a period of (Figure 2) . Although the renal extraction of para-aminohippurate was not measured, the studies of Miller and McDonald (18) and Brandt, Frank and Lichtman (19) suggest that the fall in CPAH after administration of hemoglobin represents a true decrease in renal plasma flow. Table IV shows the changes observed in C11, CPAH and filtration fraction (FF).
It may be seen that the maximal decrease in Ci. and CPAH averaged 36 and 56 per cent, respectively. The maximal increase in filtration fraction averaged 50 per cent. Only the latter showed a significant correlation with age (R =-0.407, p < 0.005).
DISCUSSION
Knowledge of the mechanism of transglomerular transport of both large and small molecules is at present incomplete. Chinard (20) has proposed that substances pass across the glomerular membrane by a process of diffusion through a gel or fine lattice structure. The "pore theory" as propounded by Pappenheimer, Renkin and Borrero (21, 22) envisions transport of lipid-insoluble substances through pores whose total area constitutes only a small fraction of the surface area of the glomerular membrane. It has been demonstrated that the rate of transglomerular transport of various substances is influenced by changes in the glomerular membrane (23, 24) and under conditions which would be expected to produce pressure changes within the glomerulus (16, 25, 26) .
In the present study we have not been able to demonstrate a significant age trend in glomerular clearance of hemoglobin relative to inulin (sieving ratio). We have examined our data to determine whether there was any systematic difference in the hemodynamic response to hemoglobin infusion which might mask a systematic change in membrane permeability. Such a factor might be ex- pected to correlate significantly with age and with CGfree Hb/CIfl. Table IV shows that none of the hemodynamic parameters examined, i.e., AC1n, ACPAH or AFF, shows a significant correlation with both age and CHb/CIn. While our results indicate no systematic age difference in glomerular permeability to hemoglobin, the limitations of the method used here for determination of glomerular permeability, with regard to reliability and the influence of changes in glomerular hemodynamics, do not permit us to rule out with certainty some changes in glomerular permeability to hemoglobin with age.
In the present studies, renal tubular reabsorption of unbound hemoglobin averaged 1.43 ± 0.96 mg per minute with a range of 0.06 to 4.41. The estimation of tubular reabsorption of hemoglobin is based on the arithmetic difference between two variables-filtered load and urinary excretionboth of which are considerably greater in magnitude than their difference. Because of the errors inherent in the measurement of these two variables, estimation of the magnitude of tubular reabsorption shows considerable variability. It should be noted that in every subject examined in our study, there was some physiologic evidence of reabsorption of hemoglobin. Morphologic evidence presented by Rather (27) and summarized by Smith (15) supports the concept that tubular reabsorption of hemoglobin occurs to some degree. Recently, Lathem, Davis, Zweig and Dew (28) have found evidence of proximal tubular reabsorption of hemoglobin during stop flow experiments in the dog. The fact that tubular reabsorption of hemoglobin in the dog can be demonstrated by stop flow analysis but not by standard clearance procedures (3) suggests that perhaps the reabsorptive process approaches equilibrium very slowly. This factor of time of contact between tubular contents and renal epithelium has not been evaluated in the present work. 2. The estimation of renal tubular reabsorption of free hemoglobin in 34 patients, in whom the ratio of filtered load to reabsorption exceeded 3, averaged 1.43 ± 0.96 mg per minute with a range of 0.06 to 4.41.
3. On the basis of these studies we have not been able to demonstrate a significant correlation between age and glomerular permeability to hemoglobin. Because of the limitations of the method for the determination of glomerular permeability, we cannot say with assurance that some systematic change in glomerular permeability with age does not exist.
4. Additional evidence for renal tubular reabsorption of hemoglobin is provided by the presence of a measurable THb in every case studied.
